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(54) System for transmitting digital audio data according to the MOST method 



(57) The present invention provide a transmission 
system comprising a transmission apparatus for trans- 
mitting audio data of multi channels and auxiliary data 
required for playback of the audio data, and a receiving 
apparatus for receiving the audio data and the auxiliary 
data which are transmitted by the transmission appara- 
tus. A multiplexer of the transmission apparatus creates 
block data that is composed of 8 frames, and first 1 byte 
of each frame is allocated to a header having Sync, OE 
and the like, the second byte is allocated to the auxiliary 
data including AUX data and copyright protect informa- 
tion, and remaining bytes are used to transmit the audio 



data. An encryptor carries out an encryption process for 
the second and later bytes of each frame, and a com- 
munication means outputs encrypted data. A communi- 
cation means of the receiving apparatus receives the 
encrypted data from the transmission apparatus, a de- 
coder decodes the encrypted data, and a demultiplexex 
demultiplexes the audio data and the auxiliary data. 
Therefore, this transmission system transmits mul- 
tichannel audio data of the DVD-Audio or the like effi- 
ciently on a transmission line using fixed length frames 
according to the MOST method, and takes measures 
for copyright protection of audio data. 
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Description 

[0001 ] The present invention relates to a transmission 
system for transmitting real time data, typified by digital 
audio data. 

[0002] As an example of methods for transmitting da- 
ta recorded on a conventional compact disc (CD) or the 
like, there is a method called MOST (Media Oriented 
synchronous Transfer). (Reference: Patrick Heck et al., 
"Media Oriented Synchronous Transfer - A Network Pro- 
tocol for High Quality, Low Cost Transfer of Synchro- 
nous, Asynchronous, and Control Data on Fiber Optics", 
Presented AES 1 03rd, 1 997 September, Preprint 4551 .) 
[0003] Hereinafter, the conventional data transmis- 
sion method according to the MOST method will he de- 
scribed with reference to figures 11 and 12. 
[0004] Figures 1 1 (a) and 11 (b) are diagrams illustrat- 
ing a data structure of a frame included in data to be 
transmitted. 

[0005] As shown in figure 1 1 (a), according to the con- 
ventional transmission method, data are transmitted in 
frames, which are transmitted at 44.1 kHz, i.e., once 
every 22.67 msec. The data length of one frame is 512 
bits. As shown in figure 1 1 (b), the frame is composed of 
a preamble 501 , a boundary descriptor 502, a synchro- 
nous channel area 503, an asynchronous channel area 
504, a control frame 505, a frame control data 506 and 
a parity 507. Here, the cycle of the frame is not limited 
to 44.1 kHz but it may be 48 kHz. 
[0006] Here, the preamble 501 , the boundary descrip- 
tor 502 and the synchronous channel area 503 in the 
frame are described, while the asynchronous channel 
area 504, the control frame 505, the frame control data 
506 and the parity 507 will not be described here be- 
cause they are not directly associated with the present 
invention. 

[0007] The preamble 501 is 4-bit data having a deter- 
mined pattern, which is used by a transmission appara- 
tus and a receiving apparatus performing transmission 
to detect boundaries of frames. The boundary descriptor 
502 is 4-bit data, which indicates how many pieces of 
4-byte block data constitutes the synchronous channel 
area 503 and is used to show the boundary between the 
synchronous channel area 503 and the asynchronous 
channel area 504. 

[0008] The synchronous channel area 503 is data 
having the length of 0-480 bits, which length is decided 
by the boundary descriptor 502. The synchronous chan- 
nel area 503 is used for transmission of real time data 
such as audio. Here, the realtime data is data each hav- 
ing time restriction and transmission of the real time data 
requires that the transmission delay time should be de- 
finable. 

[0009] The data constituting the synchronous channel 
area 503 are allocated to the transmission apparatus 
and the receiving apparatus in byte units as time slots. 
That is, the data constituting the synchronous channel 
area 503 can use maximum 60 time slots as the syn- 
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chronous channel area. The time slots which are to be 
used for transmission are previously allocated to the 
transmission apparatus and the receiving apparatus, 
and a group of time slots used for one transmission is 

5 defined as a logical channel. The transmission appara- 
tus transmits data using the allocated time slots, and the 
receiving apparatus receives data of the allocated time 
slots. Using one time slot in the MOST method corre- 
sponds to transmission of data at a transmission rate of 

io 352.8 kbps. To be more specific, data of a compact disk 
(CD) having a transmission rate of 1 .4112 Mbps can be 
transmitted by using 4 time slots of the synchronous 
channel area 503. 

[0010] Figure 12 is a diagram for explaining a method 
15 for transmitting digital audio data using the conventional 
synchronous channel. 

[001 1] In this figure, contents of time slots in respec- 
tive frames 1 and 2 which are used by L and R channels 
for transmitting digital audio data are shown. 16-bit au- 

20 dio samples 1 and 3 in the frames 1 and 2 are transmit- 
ted by the L channel and 16-bit audio samples 2 and 4 
are transmitted by the R channel, respectively. 
[0012] According to the conventional transmission 
method, a method for transmitting 2-channel audio data 

25 which are recorded on a CD or the like is determined, 
while a data transmission method for transmitting multi- 
channel audio data which are recorded on a DVD-Video 
or a DVD-Audio, or audio data having a higher sampling 
frequency or a longer quantization word length is not de- 

30 termined and thus the multi-channel data cannot be 
transmitted. 

[0013] In addition, according to the conventional 
transmission method, when data are encrypted for cop- 
yright protection typified by DTCP (Digital Transmission 

35 Content Protection Specification), there are following 
two problems. The first one is that when commonly used 
encryption in 8-byte units is performed in the transmis- 
sion apparatus, data of each frame according to the con- 
ventional transmission method is not always a multiple 

40 of 8 bytes and thus the encryption is not completed with- 
in the frame. The second problem is that although cop- 
yright protect information is supposed to be transmitted 
according to the DTCP, its transmission method is not 
determined in the conventional transmission method. 

45 [001 4] The present invention has for its object to pro- 
vide a transmission system which can transmit multi- 
channel audio data in a DVD-Audio or the like efficiently 
on a transmission line using a fixed length frame accord- 
ing to the MOST method or the like, and implement cop- 

50 yright protection of audio data. 

[0015] Other objects and advantages of the present 
invention will become apparent from the detailed de- 
scription and specific embodiments described are pro- 
vided only for illustration since various additions and 

55 modifications within the spirit and scope of the invention 
will be apparent to those of skill in the art from the de- 
tailed description. 

[001 6] According to a ist aspect of the present inven- 
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tion, there is provided a transmission system compris- 
ing: a transmission apparatus fortransmitting audio data 
of multi channels and auxiliary data required for play- 
back of the audio data; and a receiving apparatus for 
receiving the audio data and the auxiliary data which are 
transmitted by the transmission apparatus, in which the 
auxiliary data include channel assignment information 
of the audio data. 

[0017] According to a 2nd aspect of the present in- 
vention, in the transmission system of the 1st aspect, 
the auxiliary data further includes sampling frequency 
information. 

[001 8] According to a 3rd aspect of the present inven- 
tion, in the transmission system of the 1st aspect, the 
auxiliary data further includes quantization bit informa- 
tion. 

[001 9] According to a 4th aspect of the present inven- 
tion, in the transmission system of the 1st aspect, the 
channel assignment information of the audio data is 
based on DVD-Audio standards. 
[0020] According to a 5th aspect of the present inven- 
tion, in the transmission system of the 1st aspect, the 
transmission apparatus comprises a multiplexer for mul- 
tiplexing the audio data and the auxiliary data to create 
multiplexed data, and the receiving apparatus compris- 
es a demultiplexer for receiving the multiplexed data 
transmitted from the transmission apparatus, and de- 
multiplexing the data into audio data and auxiliary data. 
[0021] According to a 6th aspect of the present inven- 
tion, in the transmission system of the 1st aspect, when 
transmitting audio data having various sampling fre- 
quencies to the receiving apparatus, the transmission 
apparatus multiplexes and transmits first-generated au- 
dio data first. 

[0022] According to a 7th aspect of the present inven- 
tion, in the transmission system of the 1st aspect, ac- 
cording to a method for transmitting the audio data and 
the auxiliary data, the data are time divided into trans- 
mission frames, and as for transmission of the audio da- 
ta, prescribed bits are assigned to each transmission 
frame. 

[0023] According to an 8th aspect of the present in- 
vention, in the transmission system of the 1st aspect, a 
method for transmitting the audio data and the auxiliary 
data complies with a MOST method. 
[0024] According to a 9th aspect of the present inven- 
tion, there is provided a transmission system comprising 
a transmission apparatus for transmitting digital data 
and auxiliary data required for playback of the digital da- 
ta; and a receiving apparatus for receiving the digital da- 
ta and the auxiliary data which are transmitted from the 
transmission apparatus, in which the transmission ap- 
paratus comprises: a multiplexer for multiplexing the 
digital data and the auxiliary data to create block data 
which is composed of n frames as a multiple of a pre- 
determined encryption unit; and an encryptor for en- 
crypting the block data in the predetermined encryption 
unit to create encrypted data, and the receiving appara- 



tus comprises: a decoderfor decoding the encrypted da- 
ta transmitted from the transmission apparatus; and a 
demultiplexerfor demultiplexing the block data decoded 
by the decoder into digital data and auxiliary data. 

s [0025] According to a 10th aspect of the present in- 
vention, in the transmission system of the 9th aspect, 
the predetermined encryption unit is 8 bytes. 
[0026] According to an 11th aspect of the present in- 
vention, in the transmission system of the 9th aspect, 

io the multiplexer multiplexes copyright protect information 
as information for protecting copyright concerning the 
digital data, in plural frames within the block data. 
[0027] According to a 12th aspect of the present in- 
vention, in the transmission system of the 11th aspect, 

is the copyright protection information includes at least 
copy permission information indicating whether copying 
of the digital data is permitted or not, in a first one of the 
• frames in which the information is multiplexed. 
[0028] According to a 13th aspect of the present in- 

20 vention, in the transmission system of the 11th aspect, 
the copyright protect information includes copy permis- 
sion information indicating whether copying of the digital 
data is permitted or not, copy times information indicat- 
ing how many times of copying is permitted when the 

25 copying is permitted, copy quality information indicating 
the quality of copying when the copying is permitted, and 
audio transaction information indicating whether special 
audio access control is performed or not. 
[0029] According to a 14th aspect of the present in- 

30 vention, in the transmission system of the 9th aspect, 
according to a method for transmitting the digital data 
and the auxiliary data, the data are time divided into 
transmission frames, and as for transmission of the dig- 
ital data and the auxiliary data, prescribed bits are as- 

55 signed to each transmission frame. 

[0030] According to a 15th aspect of the present in- 
vention, in the transmission system of the 9th aspect, a 
method for transmitting the digital data and the auxiliary 
data complies with a MOST method. 

40 [0031] According to a 16th aspect of the present in- 
vention, there is provided a transmission apparatus 
which receives audio data and copyright protect infor- 
mation that is information for protecting copyright of the 
audio data, and generates a periodic signal with eight 

45 transmission frames as one cycle, comprising: a first 
multiplexer means for multiplexing the copyright protect 
information in synchronization with the periodic signal; 
an encryptor means for performing encryption in syn- 
chronization with the periodic signal; and a second mul- 

50 tiplexer means for multiplexing periodic information in- 
dicating information of the periodic signal in synchroni- 
zation with the periodic signal. 
[0032] According to a 17th aspect of the present in- 
vention, in the transmission apparatus of the 16th as- 

55 pect, a method for transmitting the data complies with a 
MOST method. 

[0033] According to an 18th aspect of the present in- 
vention, there is provided a receiving apparatus which 
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receives audio data and copyright protect information, 
from a transmission apparatus which receives the audio 
data and the copyright protect information that is infor- 
mation for protecting copyright of the audio data and 
generates a periodic signal with eight transmission 
frames as one cycle, comprising: a first demultiplexer 
means for generating a periodic signal on the basis of 
periodic information as information of the periodic signal 
detected from the received data; a decoder means for 
performing decoding in synchronization with the period- 
ic signal; and a second demultiplexer means for demul- 
tiplexing the copyright protect information in synchroni- 
zation with the periodic signal. 

[0034] According to a 19th aspect of the present in- 
vention, in the receiving apparatus of the 18th aspect, 
a method for transmitting the data complies with a 
MOST method. 

[0035] Figure 1 is a block diagram illustrating a struc- 
ture of a transmission system according to a first em- 
bodiment of the present invention. 
[0036] Figure 2 is a diagram for explaining block data 
which are transmitted by the transmission system of the 
first embodiment. 

[0037] Figure 3 is a diagram for explaining copyright 
protect information included in the block data of figure 2. 
[0038] Figure 4 is a diagram for explaining AUX data 
included in the block data of figure 2. 
[0039] Figure 5 is a diagram for explaining channel 
assignment information in the AUX data of figure 4. 
[0040] Figure 6 is a diagram for explaining a data 
transmission method by the transmission system of the 
first embodiment. 

[0041] Figures 7(a) to 7(c) are diagrams for explaining 
structures of audio samples at respective quantization 
word lengths. 

[0042] Figure 8 is a diagram for explaining a method 
for transmitting data that is composed of frames of var- 
ious cycles. 

[0043] Figure 9 is a block diagram illustrating a struc- 
ture of another transmission system which is different 
from that shown in figure 1 . 

[0044] Figure 10 is a diagram illustrating another ex- 
ample of block data transmitted by the transmission sys- 
tem of the first embodiment. 

[0045] Figures 1 1 (a) and 1 1 (b) are diagrams for illus- 
trating a data structure of a frame included in data to be 
transmitted. 

[0046] Figure 12 is a diagram for explaining a data 
transmission method according to a conventional trans- 
mission system. 

[Embodiment 1] 

[0047] Hereinafter, an embodiment of the present in- 
vention will be described with reference to figures 1 to 
10. 

[0048] Figure 1 is a block diagram illustrating a struc- 
ture of a transmission system according to the present 
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invention. * 

[0049] In figure 1 , reference numeral 21 denotes a 
digital audio output apparatus, numeral 22 denotes a 
transmission apparatus, numeral 23 denotes a receiv- 

5 ing apparatus, and numeral 24 denotes a digital audio 
playback apparatus. Numeral 51 denotes a multiplexer 
means. Numeral 52 denotes an encryptor means. Nu- 
meral 53 denotes a communication means. Numeral 61 
denotes a communication means. Numeral 62 denotes 

10 a decoder means. Numeral 63 denotes a demultiplexer 
means. 

[0050] The digital audio output apparatus 21 is an ap- 
paratus for outputting digital audio data, typified by a 
drive of a DVD-Audio, and it outputs digital audio data 
15 and related auxiliary data which are recorded on a disc. 
[0051] The multiplexer means 51 multiplexes the au- 
dio data and the auxiliary data which are outputted by 
the digital audio output apparatus 21 , and outputs mul- 
tiplexed data. The encryptor means 52 carries out an 
encryption process in predetermined data units (this da- 
ta unit is defined as an encryption unit) according to the 
conventional encryption method and, when the encryp- 
tion unit is 8 bytes, encrypts digital data as an encryption 
target every 8 bytes. 

[0052] The communication means 53 receives the da- 
ta encrypted by the encryptor means 52, and transmits 
the encrypted data to the communication means 61 on 
the receiving apparatus 23 side. The communication 
means 61 receives the signal transmitted by the com- 
munication means 53 on the transmission apparatus 22 
side, and outputs the signal to the decoder means 62. 
The communication means 53 and the communication 
means 61 transmit the data using the synchronous 
channel area according to the MOST method as de- 
scribed in the prior art. 

[0053] The decoder means 62 receives the data out- 
putted from the communication means 61, and carries 
out a decoding process in encryption units (= 8 bytes), 
when a synchronization between the transmission ap- 
paratus 22 and the receiving apparatus 23 cannot be 
obtained, and when the data of the encryption unit at the 
encryption and the data of the encryption unit at the de- 
coding deviate from each other or when part of the data 
of the encryption unit lacks, the encrypted data cannot 
be decoded by the decoder means 62 correctly. That is, 
the decoder means 62 should insure the correct syn- 
chronization of the data of the encryption unit selected 
by the encryptor means 52 and recognize the data. The 
demultiplexer means 63 receives the data outputted 
from the decoder means 62, demultiplexes the data into 
audio data and auxiliary data, and outputs the demulti- 
plexed data. 

[0054] The digital audio playback apparatus 24 is typ- 
ically an apparatus that is constituted by a digital ampli- 
fier and a speaker, and it receives the audio data and 
the auxiliary data outputted from the receiving appara- 
tus 23, plays back the audio data, and outputs audible 
audio. 
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[0055] Figure 2 is a diagram for explaining block data 
to be transmitted from the transmission apparatus 22 to 
the receiving apparatus 23 according to the first embod- 
iment. 

[0056] As shown in figure 2, one block is composed 
of 8 frames, i.e., frames 1 to 8, and in each of the frames 
1 to 8, the 1st byte is a header 101 , the 2nd byte is aux- 
iliary data 102, and D n" bytes from the 3rd byte is audio 
data 103, Each of the frames 1 to 8 corresponds to a 
frame of a prescribed cycle (a frame every 44.1 kHz or 
48 kHz in the MOST method) on a transmission line. 
Each of the frames 1 to 8 include data of time slots which 
are used by the communication means 53 of the trans- 
mission apparatus 22 for transmission of data. 
[0057] Here, the time slots used by the communica- 
tion means 53 are reserved before data transmission, 
and information indicating which time slot is to be used 
is shared by the communication means 53 and the com- 
munication means 61. Further, for the time slots used 
by the communication means 53, 2 bytes composed of 
the header 101 and the auxiliary data 102, as well as 
the audio data 103 are reserved. For example, when the 
audio data 1 03 transmitted by the respective frames 1 
to 8 is 30 bytes, 32-byte time slots are reserved. 
[0058] The frames 1 and 2 in the block data are sync 
bits, each frame entirely indicating a synchronous pat- 
tern. The 2nd and 3rd bits of the frame 3 are an EMI 
(Encryption Mode Indicator) and the 4th bit is an OE 
(Odd/Even), and the EMI and the OE are bits defined in 
the DTCP. The above-mentioned sync, EMI and OE are 
multiplexed in a non-encrypted area 120 that is not en- 
crypted. The sync is data used for finding the head of 
the block data, and the length or pattern of the sync is 
not limited to that shown here but it may be arbitrarily set. 
[0059] The auxiliary data 1 02 includes copyright pro- 
tect information indicating a copyright holder of the au- 
dio data 1 03 or whether copying of the audio data is per- 
mitted or not, and AUX data (auxiliary information) re- 
quired for playback of the audio data, such as the sam- 
pling frequency, quantization word length and channel 
assignment information of the audio data 103. 
[0060] In figure 2, it is assumed as an example that 
the 2nd bytes of the frames 1 to 3 are copyright protect 
information and the 2nd bytes of the frames 4 to 8 are 
AUX data, while of course arbitrary data can be trans- 
mitted using eight bytes. 

[0061] The copyright protect information of the 
DVD-Audio is described in "DVD Specifications for 
Read-only Part4. Audio Specification Version 1 .2". The 
copyright protect information is composed of 3-byte da- 
ta, and consists of copy permission information 
(audio_copy_permission), information of times of copy- 
ing (audio_copy_n umber), copy quality information 
(audio_quality), audio transaction information 
(audiojransaction), (SRC status information 
(ISRC_Status), ISRC number information 
(UPC_EAN_ISRC_number), and ISRC data information 
(UPC_EANJSRC_data). 
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[0062] Figure 3 shows an example of arrangement of 
respective information of the copyright protect informa- 
tion. 

[0063] Copyright protect information 1 is copy control 
5 information, and it consists of 2-bit copy permission in- 
formation, 3-bit copying times information, 2-bit copy 
quality information, and 1-bit audio transaction informa- 
tion. 

[0064] The copy permission information is information 
indicating whether copying is permitted or not. To be 
more specific, "00° indicates that copying is permitted, 
"10" indicates that copying is permitted by the number 
of times indicated by the copying times information, and 
"11 n indicates that copying is not permitted. 
[0065] The copying times information is information 
indicating how many times of copying is permitted when 
the copying is permitted. "000" indicates copying is per- 
mitted once, "001 " indicates twice, "010" indicates 4 
times, "011° indicates 6 times, "100" indicates 8 times, 
"101" indicates 10 times, and "111" indicates that the 
number of times of copying is unlimited. 
[0066] The copy quality information is information in- 
dicating the audio quality of copying when the copying 
is permitted. "00" indicates that the number of channels 
is two or less, the sampling frequency is 48 kHz or less, 
and the quantization word length is 1 6 bits or less, "01 " 
indicates that the number of channels is two or less and 
there is no restriction on the sampling frequency or the 
quantization word length. "1 0" indicates that there is no 
restriction on the number of channels, the sampling fre- 
quency, or the quantization word length. 
[0067] The audio transaction information is a flag in- 
dicating whether specific audio access control is per- 
formed or not. "0" indicates that no access control is per- 
formed and "1" indicates that the access control is not 
reserved for the future in the present circumstances. 
[0068] Copyright protect information 2 is ISRC infor- 
mation (music information), and consists of 3-bit ISRC 
status information and 5-bit ISRC number information, 
copyright protect information 3 is ISRC information and 
consists of 8-bit ISRC data information. 
[0069] The ISRC status information is status informa- 
tion of an ISRC, which is used to find a position at which 
the ISRC information is changed. "001" indicates the 
start position of music, "010" indicates an intermediate 
position, i.e., indicates that there is no change in the IS- 
RC information, and "100" indicates the end position. 
[0070] The ISRC number information indicates a 
number for identifying the music. 
[0071] It is desirable that the copy permission infor- 
mation, the copying times information, the copy quality 
information, and the audio transaction information be 
multiplexed at an earlier position in the auxiliary data 
1 02. Thereby, it is possible to decide earlier how to proc- 
ess the audio information on the receiving end. 
[0072] The arrangement of the respective information 
may be an arbitrary arrangement as long as it is decided 
between the transmission apparatus and the receiving 
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apparatus. Further, the copyright protect information is 
not limited to the above-mentioned type but arbitrary in- 
formation decided in a recording medium or a broad- 
casting system can be employed. 
[0073] Next, an example of the AUX data arrange- 
ment is shown in figure 4. 

[0074] AUX 1 consists of a quantization word length 

1 of 4 bits and a quantization word length 2 of 4 bits. 
The quantization word length 1 is data indicating the 
quantization word length of Channel group 1 and the 
quantization word length 2 is data indicating the quan- 
tization word length of Channel group 2, and "0" indi- 
cates 16 bits, "1" indicates 20 bits, and "3" indicates 24 
bits, respectively. AUX 2 consists of a sampling frequen- 
cy 1 of 4 bits and a sampling frequency 2 of 4 bits. The 
sampling frequency 1 is data indicating the sampling fre- 
quency of Channel group 1 and the sampling frequency 

2 is data indicating the sampling frequency of Channel 
group 2, and "0" indicates 48 kHz, "1" indicates 96 kHz, 
u 2" indicates 192 kHz, "4 n indicates 44.1 kHz, "5 tt indi- 
cates 88.2 KHz, and "6" indicates 176 kHz, respectively. 
Further, AUX 3 consists of channel assignment informa- 
tion of 5 bits and a reserved area of 3 bits. The channel 
assignment information indicates channel assignment 
of multi-channel audio data 103. 

[0075] Figure 5 is a diagram for explaining the chan- 
nel assignment information of multi-channel audio data 
in the DVD-Audio. (Reference: "Standardization of 
DVD-Audio" by Shinbo et al. in Matsushita Technical 
Journal Vol.45, No.6, 1999 Dec.) Figure 6 is a diagram 
for explaining a digital audio data transmission method 
utilizing a synchronous channel. 
[0076] In figure 5, C denotes a center channel, L and 
R denote left and right channels, Lf and Rf denote left 
and right front channels, LS and RS denote left and right 
rear channels or surround channels, Lfe denotes a low 
frequency effects channel, and S denotes a surround 
channel, respectively. 

[0077] As shown in figure 5, the value of the channel 
assignment information can specify multi-channel audio 
data which is transmitted to each of channels CH1 to 
CH6, and the channel group 1 or 2 to which each data 
belongs. 

[0078] The audio data 103 in the block data is trans- 
mitted according to the value of the channel assignment 
information, with the respective audio samples of chan- 
nels CH1 to CHn being arranged successively as shown 
in figure 6. Here, the value of "n" depends on the value 
of the channel assignment information. Further, the re- 
spective audio data 103 of CHx consists of n m M audio 
samples depending on the value of the sampling fre- 
quency of its channel group. For example, when the fre- 
quency band of the transmission line is 48 kHz, the au- 
dio data 103 belongs to the channel group 1, and the 
sampling frequency 1 is 96 kHz, the audio data consists 
of two audio samples, when the sampling frequency is 
1 92 kHz, the audio data consists of four audio samples. 
The number of bits X of each audio sample corresponds 



to the quantization word length of the channel group of 
each audio sample. 

[0079] Figures 7(a) to 7(c) are diagrams for explaining 
structures of audio samples at respective quantization 

s word lengths. 

[0080] Initially, it is assumed that an audio sample is 
mapped successively from a higher byte (x-th byte) to 
a lower byte ((x+n)-th byte). For example, in the case of 
an audio sample of 16-bit quantization word length as 

10 shown in figure 7(a), 8 bits are mapped to the x-th higher 
byte (Hi byte) and 8 bits are mapped to the (x+1 )-th low- 
er byte (Lo byte), whereby the audio sample is transmit- 
ted using the time slot of 2 bytes in total. 
[0081 ] In the case of an audio sample of 20-bit quan- 

15 tization word length as shown in figure 7(b), 8 bits are 
mapped to the x-th Hi byte, 8 bits are mapped to the 
(x+1 )-th middle byte (Mid byte), 4 bits are mapped to the 
(x+2)-th Lo byte, and remaining 4 bits are reserveo* in 
an empty state. Thus, in the case of the 20-bit audio 

20 sample, the audio sample is transmitted using the time 
slot of 3 bytes in total. 

[0082] In the case of an audio sample of 24-bit quan- 
tization word length as shown in figure 7(c), 8 bits are 
mapped to the x-th Hi byte, 8 bits are mapped to the 
25 (x+1 )-th Mid byte, and 8 bits are mapped to the (x+2) Lo 
byte, whereby the audio sample is transmitted using the 
time slot of 3 bytes in total. 

[0083] As described above, the audio samples of re- 
spective quantization word lengths can be transmitted 

30 from an MSB (Most Significant Bit) first successively in 
the following order: Hi byte, Mid byte, and Lo byte. How- 
ever, the transmission order is not limited to this but the 
data may be transmitted from a LSB (Least Significant 
Bit) first successively in the reverse order. Further, the 

35 audio sample may be mapped to any bit positions within 
the constituting bytes. In figure 7(b), excess bits in the 
(x+2)-th byte are made blank, while the blank can be 
eliminated by mapping two of 20-bit samples to 5 bytes. 
[0084] Figure 8 is a diagram for explaining a method 

*o for transmitting data that is composed of frames of var- 
ious cycles. In figure 8, the abscissa represents time 
when audio samples of each cycle (48 kHz, 96 kHz, 1 92 
kHz) are transmitted. 

[0085] According to the MOST method, when the 
45 sampling frequency of data to be transmitted is 48 kHz, 
one audio sample (A1) is transmitted per one frame. 
When the sampling frequency is 96 kHz, two audio sam- 
ples (B1 , B2) are transmitted per one frame. When the 
sampling frequency is 1 92 kHz, four audio samples (C1 , 
so C2, C3, C4) are transmitted per one frame. 

[0086] For example, when the audio sample of 
48-kHz sampling frequency, the audio sample of 96 kHz 
sampling frequency and the audio sample of 192 kHz 
sampling frequency are mixed and tranamitted, the nor- 
55 malization is performed such that the audio sample of 
each channel is located at the top position in the frame 
and the audio samples are transmitted successively 
from earlier-generated audio samples. To be more spe- 
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cific, in the above-mentioned example, the audio sam- 
ples A1 , B1 and C1 are transmitted at the first transmis- 
sion, the audio sample C2 is transmitted at the second 
transmission, the audio samples B2 and C3 are trans- 
mitted at the third transmission, and the audio sample 
C4 is transmitted at the fourth transmission. 
[0087] Next, another transmission system will be de- 
scribed with reference to figure 9. 
[0088] In figure 9, numeral 71 denotes a digital audio 
output apparatus, numeral 72 denotes a transmission 
apparatus, numeral 73 denotes a receiving apparatus, 
and numeral 74 denotes a digital audio playback appa- 
ratus. Numeral 80 denotes an encryption unit. Numeral 
81 denotes a first multiplexer means. Numeral 82 de- 
notes an encryptor means. Numeral 83 denotes a sec- 
ond multiplexer means. Numeral 84 denotes a control 
means. Numeral 85 denotes a communication means. 
Numeral 90 denotes a decoding unit. Numeral 91 de- 
notes a communication means. Numeral 92 denotes a 
first demultiplexer means. Numeral 93 denotes a decod- 
er means. Numeral 94 denotes a second demultiplexer 
means. Numeral 95 denotes a control means. 
[0089] The digital audio output apparatus 71 receives 
a clock outputted by the communication means 85 and 
outputs audio data as well as outputs copyright protect 
information and auxiliary information concerning audio 
as auxiliary data, in synchronization with the clock. 
[0090] The first multiplexer means 81 receives the au- 
dio data, the auxiliary information and the copyright pro- 
tect information outputted from the digital audio output 
apparatus 71 , multiplexes these data, and outputs mul- 
tiplexed data. The encryptor means 82 receives the mul- 
tiplexed data from the first multiplexer means 81, en- 
crypts areas of audio data 1 03 and auxiliary data 1 02 
on the basis of an encryption key (which will be de- 
scribed later) inputted from the control means 84, and 
outputs encrypted data. The second multiplexer means 
83 receives the encrypted data from the encryptor 
means 82, receives an EMI and an OE (header informa- 
tion 101) from the control means 84, and multiplexed 
these data. The above-mentioned first multiplexer 
means 8 1 , the encryptor means 82, and the second mul- 
tiplexer means 83 are referred to as the encryption unit 
80. Here, the first multiplexer means 81 , the encryptor 
means 82, and the second multiplexer means 83 oper- 
ate in synchronization with the same periodic signal. 
That is, each periodic signal indicates the cycle of a 
block and the same processes are carried out in the sec- 
tion of each periodic signal. For example, when the start 
position of the periodic signal is the start position of a 
block, the encryptor means 82 makes the start position 
of the periodic signal coincide with the start position of 
the encryption unit. Then, the second multiplexer means 
83 multiplexes Sync data at the start position of the pe- 
riodic signal. In addition, the cycle of the periodic signal 
depends on how many transmission frames constitutes 
one block, and for example when one block consists of 
eight transmission frames, the periodic signal is gener- 



ated in synchronization with eight transmission frames. 
Here, the periodic signal may be generated by any ap- 
paratus, or supplied from outside. 
[0091] The control means 84 is constituted by a CPU, 

5 and receives the copyright protect information outputted 
from the digital audio output apparatus 71 , judges on 
the basis of the information whether the encryption is 
performed or not, and when performing the encryption 
outputs the encryption key to the encryptor means 82. 

10 The control means further outputs the EMI and the OE 
as information indicating how to perform the encryption, 
to the second multiplexer means 83. 
[0092] The communication means 85 outputs the 
clock, which is synchronized with a transmission clock 

15 of the transmission line, to the digital audio output ap- 
paratus 71 as well as receives the multiplexed data from 
the second multiplexer means 83, and transmits the en- 
crypted data to the communication means 91 on the re- 
ceiving apparatus 73 side. 

20 [0093] The communication means 91 outputs a clock 
to the digital audio playback apparatus 74, receives the 
encrypted data transmitted from the communication 
means 85 on the transmission apparatus 72 side, syn- 
chronizes the data with the clock, and transmits the data 

25 to the first demultiplexer means 92. 

[0094] The first demultiplexer means 92 receives the 
data outputted from the communication means 91 , de- 
multiplexes the EMI and the OE from the received data, 
transmits the EMI and the OE to the control means 95, 

30 and transmits other data to the decoder means 93. The 
decoder means 93 receives the data outputted from the 
first demultiplexer means 92, receives an encryption key 
from the control means 95, and carries out the decoding 
process in encryption units. The second demultiplexer 

35 means 94 receives the data outputted from the decoder 
means 93, demultiplexes the data into audio data and 
copyright protect information, transmits the audio data 
to the digital audio playback apparatus 74, and transmits 
the copyright protect information to the control means 

40 95. The above-mentioned first demultiplexer means 92, 
the decoder means 93 and the second demultiplexer 
means 94 are referred to as the decoding unit 90. Here, 
the first demultiplexer means 92, the decoder means 93, 
and the second demultiplexer means 94 operate in syn- 

45 chronization with the same periodic signal. This periodic 
signal is generated by seeing Sync data on the trans- 
mission line. For example, when the start position of the 
periodic signal is the start position of a block, the decod- 
er means 93 makes the start position of the periodic sig- 

50 pal coincide with the start position of the encryption unit, 
like in the case of the encryptor means 82. 
[0095] The control means 95 is constituted by a CPU, 
and it receives the EMI and the OE from the data out- 
putted by the communication means 91 , and outputs the 

55 encryption key to the decoder means 93 on the basis of 
these information. The control means further receives 
the copyright protect information from the decoded data, 
and control processes, such as copying of audio data, 
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on the basis of the information. 
[0096] As described above, the transmission appara- 
tus 72 transmits data in synchronization with the clock 
outputted from the communication means 85, whereby 
conversion of a clock of audio data is not required, the 
circuit scale can be reduced, and further deterioration 
of the audio quality can be prevented. The first multi- 
plexer means 81 , the encryptor means 82 and the sec- 
ond multiplexer means 83 may be constituted integrally 
as the encryption unit 80 by one semiconductor chip. 
Further, the encryption unit 80 and the communication 
means 85 may be constituted by one semiconductor 
chip. The first demultiplexer means 92, the decoder 
means 93, and the second demultiplexer means 94 may 
be constituted integrally as the decoding unit 90 by one 
semiconductor chip. Further, the decoding unit 90 and 
the commu nication means 91 may be constituted by one 
semiconductor chip. 

[0097] Here, the clocks of the transmission apparatus 
72 and the receiving apparatus 73 are supplied through 
the transmission line, while when any apparatus is a 
clock source of the transmission line, it supplies the 
clock to the transmission line. 

[0098] While here the case where the start position of 
the periodic signal is made coincide with the start posi- 
tion of the block has been described, it is needless to 
say that as long as positions of the periodic signal and 
the block or the periodic signal and the encryption unit 
are synchronized with each other, any positional rela- 
tionship is possible. 

[0099] As described above, according to the trans- 
mission system of the first embodiment, the transmis- 
sion method for transmitting the channel assignment in- 
formation, the sampling frequency information and the 
quantization word length information of multi-channel 
audio data is decided, whereby transmission of the mul- 
ti-channel audio data, which has not been performed 
conventionally, is enabled. Since the header information 
is sent block by block at the transmission of the multi- 
channel audio data, efficient data transmission at small- 
er bands can be realized, with relative to the prior art 
transmission system by which the header information is 
transmitted frame by frame. 

[0100] Further, according to the transmission system 
of the first embodiment, when multi-channel audio data 
of the DVD-Audio or the like is transmitted, the copyright 
protect information can be multi-transmitted at smaller 
bands. Further, since one block is composed of eight 
frames and the encryption in eight byte units is carried 
out block by block, the encryption can be performed up 
to the last byte, regardless of the length of the audio 
data 103. 

[01 01 ] The transmission order of audio samples is de- 
cided such that first-generated audio samples are trans- 
mitted first, whereby the amounts of memory required 
for waiting for timing of transmission/receiving of data, 
which are necessary on the transmission end and the 
receiving end, can be reduced. Here, the transmission 



is performed under time restriction, while it may be per- 
formed in the order of channel numbers, or successively 
from audio samples of upper bytes to audio samples of 
lower bytes. Other transmission methods can be em- 
5 ployed as long as the order in which data are transmitted 
is uniquely defined. 

[0102] In this first embodiment, the drive of the 
DVD-Audio is employed as the digital audio output ap- 
paratus 21 . However, any apparatus which outputs ar- 
te brtrary digital audio data may be applied thereto, such 
as a drive of a recording medium such as a CD, a MD, 
a DAT and a DVD-Video, a tuner which receives digital 
audio broadcasts of digital TV broadcasting or digital ra- 
dio, an AD converter which converts analog audio into 
'5 digital audio and outputs the digital audio, and a PC 
which plays back audio data received via Internet. 
[0103] In this first embodiment, data of the receiving 
apparatus 23 is outputted to the digital audio playback 
apparatus 24, while any apparatus which utilizes digital 
audio may be used, such as an apparatus for recording 
digital audio and an apparatus for editing digital audio. 
[01 04] Further, in this first embodiment, the transmis- 
sion method according to the MOST format is employed, 
while the present invention can be applied to any trans- 
mission method by which time slots are included in 
frames of a prescribed cycle, and a transmission appa- 
ratus and a receiving apparatus for performing transmis- 
sion use the time slots which are previously allocated 
thereto, to perform the transmission. As an example of 
such transmission method, there is a D2B optical (Ref- 
erence: 'The D2B Optical Bus * An Integration platform 
for Car Entertainment and Telematic Systems", by Peter 
Mros, Proc. of World Congress on Intelligent Transport 
Systems Technical Sessions, Oct. 1997). Further, the 
transmission line is not limited to the time slot type but 
the present invention can be applied to any transmission 
line of IEEE 1394 or the like. 

[0105] The AUX data is not limited to the example 
shown in figure 4, while any format data may be em- 
ployed, as long as it is composed of sampling frequency 
information, quantization word length information and 
channel assignment information, and the arrangement 
of audio data that is to be transmitted is defined. The 
respective data of the sampling frequency information, 
the quantization word length information and the chan- 
nel assignment information may be transmitted by arbi- 
trary frames, whereby an arbitrary number of bits repre- 
senting necessary information can be used and thus an 
arbitrary value can be employed. Further, in addition to 
the sampling frequency information, the quantization 
word length information and the channel assignment in- 
formation, any data which is required for playback of au- 
dio data to be transmitted can be included, such as con- 
ditions for reduction of the sampling frequency or the 
quantization word length, and the presence or absence 
of emphasis. When the sampling frequency orthe quan- 
tization word length has a fixed value, that information 
is unnecessary and can be omitted. 
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[0106] Further, the AUX data is multiplexed with audio 
data and transmitted by the synchronous channel. How- 
ever, at the insertion of a disc, or at the top of music or 
when the state of the music is changed, or at established 
periods, the AUX data may be transmitted by an asyn- 
chronous channel or the like. Here, the asynchronous 
channel is an area that is used to transmit data which 
does not require time restriction. As examples of the 
asynchronous channel, there are a control channel and 
an Asynchronous channel, defined in the MOST. As ex- 
amples of data transmitted by the control channel, there 
are operation command information (playback, fast for- 
ward and the like), and menu information (program list 
and the like). Further, as examples of data transmitted 
by the Asynchronous channel, there are map data and 
Internet data (IP packet). 

[01 07] Furthermore, the format of the block data is not 
limited to that shown in figure 2. In this first embodiment, 
one block is composed of eight frames correspondingly 
to eight bytes of the encryption unit, while one block may 
consists of "a multiple of 8" frames, as shown in figure 
10. Further, it is also possible that one block is com- 
posed of 16 frames, the first bytes of first 8 frames are 
assumed to be the header, and the first bytes of latter 8 
frames are assumed to be areas for auxiliary data. The 
encryption unit is not limited to 8 bytes but may be V 
bytes other than 8, and in this case the number of frames 
constituting one block is set to be a multiple of "n". Fur- 
ther, the structure of the block is not limited to the above- 
mentioned structures. Any structure is possible as long 
as the total amount of data in the encryption area includ- 
ed in frames which are selected as a block is a multiple 
of the encryption unit. In this case, the same effects can 
be obtained by using a block that is composed of an ar- 
bitrary number of frames. 

[01 08] The transmission of respective audio samples 
is performed according to the arrangement shown in fig- 
ure 6, while it is not limited to this arrangement. As long 
as in which position in a frame each audio sample of 
each channel is arranged is decided between the trans- 
mission apparatus and the receiving apparatus, the au- 
dio samples may be arranged arbitrarily. The arrange- 
ment can be decided according to previously decided 
rules, or an arrangement method may be shared before 
the transmission of audio data. 



Claims 

1 . A transmission system comprising: a transmission 
apparatus for transmitting audio data of multi chan- 
nels and auxiliary data required for; playback of the 
audio data; and a receiving apparatus for receiving 
the audio data and the auxiliary data which are 
transmitted by the transmission apparatus, wherein 
the auxiliary data include channel assignment 
information of the audio data. 



2. The transmission system of Claim 1 wherein 

the auxiliary data further includes sampling * 
frequency information. 

5 3. The transmission system of Claim 1 or 2 wherein 
the auxiliary data further includes quantiza- 
tion bit information. 

4. The transmission system of Claim 1 , 2 or 3 wherein 
10 the channel assignment information of the au- 
dio data is based on DVD-Audio standards. 

5. The transmission system of Claim 1, 2, 3 or 4 
wherein 

15 the transmission apparatus comprises a mul- 

tiplexer for multiplexing the audio data and the aux- 
iliary data, to create multiplexed data, and 

the receiving apparatus comprises a demulti- 
plexerfor receiving the multiplexed data transmitted 
20 from the transmission apparatus, and demultiplex- 
ing the data into audio data and auxiliary data. 

6. The transmission system of any one of claims 1 to 5 
wherein 

25 when transmitting audio data having various 

sampling frequencies to the receiving apparatus, 
the transmission apparatus multiplexes and trans- 
mits first-generated audio data first. 

30 7. The transmission system of any one of claims 1 to 6 
wherein 

according to a method for transmitting the au- 
dio data and the auxiliary data, the data are time 
divided into transmission frames, and 
35 as for transmission of the audio data, pre- 

scribed bits are assigned to each transmission 
frame. 

8. The transmission system of any one of claims 1 to 7 
40 wherein 

a method for transmitting the audio data and 
the auxiliary data complies with a MOST method. 



9. A transmission system comprising a transmission 
45 apparatus for transmitting digital data and auxiliary 
data required for playback of the digital data; and a 
receiving apparatus for receiving the digital data 
and the auxiliary data which are transmitted from 
the transmission apparatus, wherein 
so the transmission apparatus comprises: 

a multiplexer for multiplexing the digital data 
and the auxiliary data, to create block data 
which is composed of n frames as a multiple of 
55 a predetermined encryption unit; and 

an encryptor for encrypting the block data in the 
predetermined encryption unit, to create en- 
crypted data, and 
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the receiving apparatus comprises: 

a decoder for decoding the encrypted data 
transmitted from the transmission appara- 
tus; and 

a demultiplexer for demultiplexing the 
block data decoded by the decodor into 
digital data and auxiliary data. 

10. The transmission system of Claim 9 wherein 

the predetermined encryption unit is 8 bytes. 

11. The transmission system of Claim 9 or 10 wherein 

the multiplexer multiplexes copyright protect 
information as information for protecting copyright 
concerning the digital data, in plural frames within 
the block data. 

12. The transmission system of Claim 11 wherein 

the copyright protection information includes 
at least copy permission information indicating 
whether copying of the digital data is permitted or 
not, in a first one of the frames in which the infor- 
mation is multiplexed. 

13. The transmission system of Claim 11 or 12 wherein 

the copyright protect information includes 
copy permission information indicating whether 
copying of the digital data is permitted or not, copy 
times information indicating how many times of cop- 
ying is permitted when the copying is permitted, 
copy quality information indicating the quality of 
copying when the copying is permitted, and audio 
transaction information indicating whether special 
audio access control is performed or not. 

14. The transmission system of claim 9, 10, 11, 12 or 13 
wherein 

according to a method for transmitting the dig- 
ital data and the auxiliary data, the data are time 
divided into transmission frames, and 

as for transmission of the digital data and the 
auxiliary data, prescribed bits are assigned to each 
transmission frame. 

15. The transmission system of any one of claims 9 to 
14 

wherein 

a method for transmitting the digital data and 
the auxiliary data complies with a MOST method. 

16. A transmission apparatus which receives audio da- 
ta and copyright protect information that is informa- 
tion for protecting copyright of the audio data, and 
generates a periodic signal with eight transmission 
frames as one cycle, comprising: 

a first multiplexer means for multiplexing the 



copyright protect information in synchroniza- 
tion with the periodic signal; 
an encryptor means for performing encryption 
in synchronization with the periodic signal; and 
5 a second multiplexer means for multiplexing 

periodic information indicating information of 
the periodic signal in synchronization with the 
periodic signal. 

io 17. The transmission apparatus of claim 1 6 wherein 
the data is transmitted using a method that 
complies with a MOST method. 

18. A receiving apparatus which receives audio data 
*s and copyright protect information, from a transmis- 
sion apparatus which receives the audio data and 
the copyright protect information that is information 
for protecting copyright of the audio data and gen- 
erates a periodic signal with eight transmission 

20 frames as one cycle, comprising: 

a first demultiplexer means for generating a pe- 
riodic signal on the basis of periodic information 
as information of the periodic signal detected 
25 from the received data; 

a decoder means for performing decoding in 
synchronization with the periodic signal; and 
a second demultiplexer means for demultiplex- 
ing the copyright protect information in synchro- 
30 nization with the periodic signal. 

19. The receiving apparatus of claim 18 wherein 

the received data is has been transmitted us- 
ing a method that complies with a MOST method. 
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